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 Figure S1. Structural models of HC before(top) and after (bottom) H-term. (a) P_Npyrr, 

(b) 1V, and (c) 1V_N.

Figure S2. Structural models of HC. (a) 0V_O, (b) 1V_Opyri, (c) 1V_Opyrr, and (d) 2V.



Figure S3. Structural models of HC before(top) and after (bottom) H-term. (a) P_Npyri, 
(b) P_Opyri, (c) P_Opyrr, (d) 1V_Npyri, (e) 1V_Npyrr, (f) 1V_O, (g) 2V_N, (h) 1V_N/O, 
and (i) 0V_N/O.



 Figure S4. Structural models of Na adsorption on HC before (top) and after (bottom) 
H-term. (a) P_Npyrr, (b) 1V, and (c) 1V_N.

Figure S5. Structural models of Na adsorption on HC (a) OV_O, (b) 1V_Opyri, (c) 
1V_Opyrr, and (d) 2V.



Figure S6. Structural models of Na adsorption on HC before (top) and after (bottom) 
H-term. (a) P_Npyri, (b) P_Opyri, (c) P_Opyrr, (d) 1V_Npyri, (e) 1V_Npyrr, (f) 1V_O, (g) 
2V_N, (h) 1V_N/O, and (i) 0V_N/O.



Table S1. (CDS, eV), (RDS, eV), and (eV) values for the 16 HC 𝐸𝑎𝑑𝑠 𝐸𝑎𝑑𝑠 ∆𝐸𝑎𝑑𝑠

structure models.

(CDS, eV)𝐸𝑎𝑑𝑠 (RDS, eV)𝐸𝑎𝑑𝑠 (eV)∆𝐸𝑎𝑑𝑠

P_Npyrr -2.77 0.32 3.09
P_Npyri -2.66 -0.09 2.57
P_Opyrr -2.46 0.08 2.54
P_Opyri -2.17 0.14 2.31
1V_N -1.51 0.46 1.97

1V -0.95 0.16 1.11
1V_Npyri -1.92 -0.09 1.83

2V_N -2.24 0.04 2.27
1V_Npyrr -1.83 -0.59 1.25
1V_N/O -0.39 0.41 0.79
0V_N/O -0.54 0.17 0.71
1V_O 0.04 0.41 0.37

2V -0.70 / /
0V_O 0.17 / /

1V_Opyri -0.01 / /
1V_Opyrr -0.16 / /



Figure S7. pCOHP and IpCOHP curves of ten Na-C and one Na–N bonds in (a) P_Npyrr 
and (b) P_Npyrr-5H.

Figure S8. pCOHP and IpCOHP curves of five Na-C and one Na-N bonds in (a) P_Npyri 
and (b) P_Npyri-5H.



Figure S9. pCOHP and IpCOHP curves of four Na-C and one Na-O bonds in (a) 
P_Opyrr and (b) P_Opyrr-4H.

Figure S10. pCOHP and IpCOHP curves of five Na-C and one Na-O bonds in (a) 
P_Opyri and (b) P_Opyri-5H.



Figure S11. pCOHP and IpCOHP curves of one Na-N and six Na-C bonds in (a)1V_N 
and (b) 1V_N-3H.

Fig
ure S12. pCOHP and IpCOHP curves of three Na-N bonds in (a) 1V_Npyri and (b) 
1V_Npyri-1H.



Figure S13. pCOHP and IpCOHP curves of four Na-N bonds in (a) 2V_N and (b) 
2V_N-2H.

Figure S14. pCOHP and IpCOHP curves of three Na-N bonds in (a) 1V_Npyrr and (b) 
1V_Npyrr-1H.



Figure S15. pCOHP and IpCOHP curves of one Na-N and two Na-O bonds in (a) 
1V_N/O and (b) 1V_N/O-1H.
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Figure S17. pCOHP and IpCOHP curves of three Na-C and one Na-O bonds in (a) 
1V_O and (b) 1V_O-2H.



 Figure S18. Differential charge density maps of Na adsorption on (a) P_Npyrr, (b) 1V, 

(c) 1V_N, (d) P_Npyri, (e) P_Opyri, and (f) P_Opyrr (top and side views; isosurface = 

0.002 e/Å³).



Figure S19. Differential charge density maps of Na adsorption on (a) 1V_Npyri, (b) 
1V_Npyrr, (c) 1V_O, (d) 2V_N, (e) 1V_N/O, (f) 0V_N/O. (top and side views; 
isosurface = 0.002 e/Å³).



Figure S20. Schematic illustration of the stepwise H adsorption approach for 
determining the RDS configuration of 1V_Npyri. The calculations reveal three 
equivalent pyridinic N sites for the first H addition. For the second H, although two 

candidate adsorption positions exist, both yield  > 0, confirming that only one H ∆𝐺𝐻

atom can be incorporated into the defect structure.



Figure S21. (a) Schematic illustration of the stepwise H adsorption approach used to 
determine the RDS configuration of 1V_S. Structural models of Na adsorption on (b) 
the unpassivated 1V_S defect and (c) the H-terminated 1V_S-2H configuration. 

Figure S22. Structural models of Li adsorption on HC before (top) and after (bottom) 

H-term for (a) 1V_N and (b) P_Opyrr, (c) Calculated  for 1V_N and P_Opyrr defects 𝐸𝑎𝑑𝑠

using CDS and RDS models.



Figure S23. Structural models of K adsorption on 1V and 1V_N defects: (a) reference 
structures reported in the literature, (b) configurations without H-term, and (c) 

configurations with H-term. (d) Calculated  for the 1V and 1V_N defects using the 𝐸𝑎𝑑𝑠

CDS and RDS models, shown in comparison with the reference values.S1, S2 
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